In today's medical devices, grayscale and color images often get mixed in multimodal presentations of information. For example, physicians often benefit from seeing colorcoded images-such as those from positron-emission tomography (PET) or single photon-emission computed tomography (SPECT)-superimposed on grayscale images: these might be from computed tomography, projection radiography, or mammography. In addition, color capabilities in displays can also be used to display information from detection and classification algorithms. To compare results across different types of device, however, scientists and engineers need a standard approach to characterizing colors.
Although some groups have published standards for or recommendations on how to measure features of colors in medical displays, [1] [2] [3] [4] [5] these apply to specific kinds of technology: there is no underlying agreement on an overall approach for making color measurements. 6 Consequently, we are developing a standardized method to do this. Here, we present preliminary results on different features of color-uniformity, grayscale tracking, and angular shifts-in a variety of medical displays.
Color probe
Based on an earlier device to measure luminance, 7, 8 we developed a collimated, color probe (see Figure 1 ) 9 that couples light from the display into an optical fiber. This, in turn, is connected to a spectrometer (MAS40, Instrument Systems, Ottawa, Canada). Unfortunately, the new design decreases the probe's sensitivity to luminance changes, and increases the amount of stray light, because of the larger diameter of the probe tip. For this reason, a new probe is currently being designed that will be closer in sensitivity to the luminance probe and still able to make accurate spectral measurements. We characterized the probe using a method similar to one we have used in the past.
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Figure 1. (a) This color probe gathers light from a display and connects it to a spectrometer via a fiber-optic adapter. (b) This probe can be used to measure light from various displays.
Figure 2 shows color-uniformity measurements taken in three ways: with our collimated probe, and with a spot colorimeter (Minolta CS100, Mahwah, NJ) in both perpendicular and rotated arrangements. 9 We also used our probe to measure colors on four different displays: a one million pixel (MP) and 3MP color display, a 5MP monochrome display, and a 1MP televison (see Figure 3) . Using error propagation, we computed the error bars. These figures demonstrate that the variability in measuring colors with different methods is similar to the variability found when using one method to measure colors on different kinds of displays. As a result, comparing the color performance of displays can be misleading, because the method affects the measurements.
Tracking changes
Grayscale tracking was performed to quantify shifts in color coordinates (u',v') across the grayscale (see Figure 4 ). The 1MP monitor had the most change in color coordinates. Moreover, the color difference in all of the displays from black to white is larger than the maximum color difference across the screen area (see Figure 3) .
Previous work showed angle-related changes of contrast for medical displays based on liquid-crystal technology. 10, 11 How-
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Figure 2. Color-uniformity measurements were made with the collimated probe (S) and with a spot colorimeter in perpendicular (P) and rotated (R) arrangements.
Figure 3. Using the collimated probe, the color uniformity on four different displays was measured: a one million pixel (MP) television (1MP TV), 1MP and 3MP color displays, and a 5MP monochrome display.
ever, measurements of angular color shifts had not been reported. So, we oriented the probe at 0 • , 15
• , 30
• , and 45
• from the screen's normal to quantify the effects of viewing angle on color. Figure 5 , for example, shows the changes in (u', v') as the viewing angle changed from 0 • to 45
• for the 5MP display. There is no direct correlation between the change in (u', v') and the direction of the angular shift.
Conclusion
Our results suggest using caution when comparing display devices because measured parameters are not consistent across 
